An in vitro pulmonary permeation system with simulation of respiratory dynamics.
To study the effect of respiration on transpulmonary permeation kinetics of drugs, an in vitro pulmonary permeation system, which consists of a setup for the simulation of respiratory dynamics, was developed. The system is composed offour major components: a pair of horizontal-type half-cells, a model air-blood barrier, an instrument for the application and regulation of respiratory pressure, and a pressure monitoring system. Calibration studies were performed and results showed that the primary respiration parameters (the peak inspiration pressure, respiratory frequency, and the percent inspiration time) can be controlled at a reproducible manner. This system appears to simulate very well the respiratory dynamics observed normally under physiologic conditions. After calibration, the system was utilized to characterize and quantitate the effect of respiration on the transpulmonary permeation of drugs using progesterone as the model drug. The results showed that progesterone permeability is increased as much as 1.8-5.6 folds by application of a respiratory pressure, depending on the combination of respiration parameters. Further studies demonstrated that the enhancement in pulmonary permeation triggered by respiratory pressure is resulted from the stretching of the lung tissue, not by the pressure gradient itself. The observations lead to the conclusion that the system developed in this investigation is a useful in vitro tool for studying the kinetics of pulmonary drug permeation under a physiologically simulating respiratory dynamics. The studies have provided scientific evidence for demonstrating that respiration is an important factor in determining the kinetics of transpulmonary drug permeation through possible alteration in the properties of the air-blood barrier.